<in>B*flMWOT op) 02) & $g j£f ^ $g (a) wwmm&mtt 

#$!¥9- 82625 

(43)&BBH ¥j«9*P<1997)3/!28B 



(51)IntCl e 
H 0 1 L 21/027 
G 0 3 F 7/20 


5 2 1 


FI tttS^ffim 
H 0 1 L 21/30 5 1 8 
G0 3F 7/20 5 2 1 
H0 1L 21/30 5 0 2H 

5 1 6E 

FD (£ 6 H> 


(21)W8l## 


WBW-259365 


(71) USA 000004112 








(22)fflK0 


7^(1995) 9 A12B 


*3SC«=f ttfflK*L<BI*l 3Tl2#3f 












JK3S«S i f«!HBEyL(OW3TB2#3# * 












(74)«3SA **± /Hit S+fiB (*l£> 



(54) [#9?<D**M 5££:M«3feJSS 



(57) 

5ffiKS#£&£*:#>0>R55t5 O, 5 1. 5 2. 5 3 




(2) 

^x^-s;^ i^x^x^— :;<D*aa£^*-*fctf> 

G>^F#Sti*«^ ffTSEvx?£ffi3feX«t£[5]*flf£»! 
I»*iS2] ffis2VX^±CD/<$->«£lwffiffi5fc* 

-j+tmitffi&m&vmzmibtL* mse^x^ arises 
[|f5ftJi4] jttfSE^x^±<a/^->«£Mis&#& 

iavX^<D±*^^^I2tft^3fc^^3fel*i:^^ 3 F(T^ 
[0 00 1] 

fcl*. ^X^X^r-^&tf^tt^tt^^tSIBSIWS 

-e«i^jaoKffliH**tiaicffln'r4ffliw6**'r*ife* 
[0002] 

fl£dt**fctt0>3£a£ LT»»WHS«A<*JB**iTl* 
1) S £ 850 R5fc ffiS 2 life H t <& M T? S t ^Sfc^ 



»IH¥9-8 26 2 5 
UTS10)SSfi^^6^. ZOtztb. tt*<fcyft 
8#&8 I- tt* *T & <*> £R6it * & tc tf> ( v >/ 

•r ^rfB y o > ? p — * >/ wishi £ nr t ^* . 

[ o o o 3 ] 

[*Htf**LJ:9fc*-*llll] £-*T% 1MB*** 
Jlte^ffl^Wlc^«L^^<t>S*-r^X^^^T>KX 

l^ft-r^fc^XDU^^^X^-^RST. 

ji> r cd/ - >« zmfcnm^fs mv x / \w±i zsib 

^&fcto<7>8«***P L&tf^x/WV^U^iUR^ 
iiiHII!Lt»»tSfcftMx/\Xf-9wSTfr 

R3&<8RW**t. U^^;UR±(D^^«IC«LTU5 1 ^ 
;U R Lfr bf^^Xf-v R S T *<^5^fS](C^ 

ST^l/f^ j^f-v R S T O^S&^ISI t a^Rj (C^ 

;u r <Dtg/j v — >«r* ^ x / \<Dmftmmtf&xmyt $ 

[00 04] c<d&B(d^-v>/^i mracoy^^^ 
p-^o^^>/^-efcy. ft>/^o^o^s 

P L± t * Wf R S T tf*Wfi (X^[«]) 

f ^>o mn+ ««***PL(Dififsi-i**«wt 

to. fi^^P LSft^SS^l^f ^Ji,Ri:fi^ 

*PLi:(DPa1<7>*»±(7>^aS3&<«Ill^Slt. ^-(De 

«|B***PLa>tSi»f»tt*<Kfc-r«tt^lB«A« 

V juxt-v r s t o>tta ta*S-r*fc Ale u^^ ;ux 
t-vrst cc@^ ^?ntc»i&fs 5 & <D&K%eaa 



(3) 



t*BB¥9-8 2 6 2 5 



/ \x ^~ vw s t t <»&th<r>mmTti c -r c t ica 
-vz&+%m&mM&&mz&&v>m&x&z> 0 

[0 0 0 5] ^cr% *£EcDBa<Jl*. ^Sc^R5fe«tS 

•T & c £ *><^ £ £ ^S^S3fe«S ** 6 c t iz fc 
[0 0 0 6] *fc. *%W<»Btol** U^M^Xx-^ 

&ZLt *<T* £ 

[0007] z*iz s *§£mo)Stoi*. mmz^zisT 
o ;ux^— u*-* jkd^& * Rfijt-*- ict * 
&j£££R3fe&a£ffi<ftt-& C <h fcfe^o 

[0008] 

zmwftvmmirzmM&^&t. ffi&mwmzziLx 

fllB^X^^ffi^a-r^VX^X^r-vi:. ^X^ 
X^-v(7)<4|l^^^fc^<7)^3tt^fllx. ffjlE 

-7X>7 £f^fflf£»LT!!uSSvx^±<&/<$ 

t>T. fllSVX>>X^--vRt/ffiil2^ftcDtf-"A3fe» 

t> tttr suae v x ^ x v& tfs* la^&tt o e- A3fe» 

t &m x. fc c t ztsmt r * m&mnitmm<&& 
£jft& 0 ±iBPRiSf^cfcy*7x^x^f--vfi.t^^ttcoe 

- A3fc» * ^ -v >/ ^ffilSffl (DI#S^ £ RMi L fc fc #> 
^X^X^-V^CDS^CD^^R&ihL. U^>> 
;ux^-i^(D^lli(c^^^^>/^c0St3S/)^b-r^c 
££R&it-C£6o Sfc. WSS-ett^Jt)ttfct5IB^X^X 

[0009] *&m<»&&mmtmm\zt$i*T . iftsav 

x * ±o>/<* - fftgE®5fc3k«-tK»:K**- S«323fc 
^££*fL. ^ftfg3fc^^tM2avx^i:(DfBia)*;»^ 

K3fe^^VX^<t<7)M(^3fe»±(Om»<7)BSf*<7>S!l& 



[ooio] fflfiE^x^xT-v&t/Mia^stoe- 

%xmm^ti^^oizm^m<D-&^m^m^t\zM 
Lx\z&&wti:&ttxm&i'* zz.twx2z>o 

[0 0 1 1] ^^(D*fi^»5fe3SS^fct>T. ffitEffi 
DS^ISIi. MIE^X<7(DJi^^bHJFSB^^^^^ 

\zLmz>o #<5>?n-m<D&mm$:mmLxi^tt 

^^;i/Xx-v^ffi^-^lCi:y^^^)^35(7>^k^»j 
[00 12] 

2-3°c<Dffia-efe^<Dic^ur. nsi*-v://<i rtr 

l*±0. l°cm&L\z&tztiXl\Z>o &tz. myf;Ltz&& 

ic^ v 1 <r>3i#\z&%&y>zto up 2 *<^s$ tir 

<< it - O A>f ^ >3to<3S A-T ^> (7) ^R&JJL t h 

tztb. hepa (ffdiULPA) y-om-^ BLlfr 
5.1j)\,y<< )l>$— tf, fv>^l coffin UA4xP*fc 
l*q^^asLP2(Djfi«lciaS^tiTt>^o 
[0 0 13] S3 1 <Dj££MR*i£S*tt;f*. 

tSUf^^Xf-vRST, 1MB*** PL. 0xy\ 

itffia>T7-<>>h^ d 3-1 8) m^*3LtzmfSi2 

IB <g«. i»,KrF, A r F S?0>X* v^7 U-+f 

^?x^ r-fc€> i/f^^R^uiiis^-fio^ti* 

fcy. 3fe«li^-V>/^1 (D^fillcEa^H^o 
[0 0 14] 1/^^Xf-vRSTlt ft»3fc^P 



(4) 



^53^9-8 2 6 2 5 



X^r— i? RST 0>*Fffi®Xtf @ 2 CD A A;5f«ia>£«0£ 

izm&ztiR-ixJsfaizmfr-tzm K3 4ic«fcyx** 

ft) (C^Bj-r^C^^-C^^o W^f-vRST 
I*. *)V K^ftlCU^^URCT)/** — >XU7iffiA<'> 

fC^F^tt 6 * Sttfi £ H/r U-+f if- A £ SStf 6f£ft 

fi. S»3 7 JifcSS^ttfce— A^^U 3 1 ICJ: 
oT 2 0<Dtf-Alc#»<k*u ^tt^tw f£SMR5£tf 

&*mS&#>J&<frbft&o Uf^;UXf-vRST±|c 
I*. U^;U7^U^RH/><&ffi£*U U^;U*rt^R 

[0015] *$PJ!<&3£fi2!B3teS£Brf*. 

OL/f^^Xf- vRS T£J&5gf6»5M3 6 

<*-efcy* fiEffiiiu^^u^-vRST^Xft^S 

fi3 7£lJtt«. PB^3 6<&^# (PSSM5 4) (CtflfaP 

P«B3 2l^liR^^7Xffi4 oa<tttt&£*xri*&o 
S8^3fe^^t,CDPW^CC0^7X«4 0*ili§LT 
U?-^R£Bg*rf So C(DBgP3 2<D^^^*<. 
<7^R^(D^3fe*^t>*raoPHS3 6WfflCD^(Cfg 
«£^*fcL*flffi£'bl*. *7Xfi4 0$tl8t^Ci: 
^T-^^o PSm3 6(DS^fS] (X*fS3) (O-^CDPSiM 

5 1 iztemmz&mmto2titz&&£&;&'t$> 

iSfiS60&t;^?iliL04 1 3ISSS6 0 

z<»%ft&m*T* tm- 
mHo&tt* y t *rr awe* < * ? ttsks-eaia 

$6 0 **i£ 0 JMtlcttffiMlHL**:: 



t^o fv*^*aSLP4 UCl^HEPA^^;U^-&t/^r 

r€)a>^B6JtLri^c PHS5 1 £*trsi-f &fsssi5 3i~ 

fifS[<*l#tfJP4 2£ffiaL IBM3 6££ofc:$M*li»aJ 
P42*>t>»ai$Hf^. ft>Al (D*g*£*oT& 

aseofc^a^nrsjSSffi^ti. mflBM3 6f*}i:: 

U^^^R^U/^^/l/X^— vRST(C»A*tcli 

tOO 1 6] H2Ul^L*:«fc?l::* tf-A7^'J'^3 
1 t&ShtitS&XSm&SL6 1 i:CDra^3fcKliRI^3 6^ 

fc€> i T#ft 6 £ -6 ;uxf- v{£®<z>^£*sm 
izwkmmL-rzztiztzzti^ *fzm<r>t&9cmmx&it 

« 5 3 6 ^ISftMOl^^ 3 6 tZ-S^ffiCDS 

[001 7] Elliot, u^juri*. u^;ux 

f-vRST±T\ U^*JUR<D^£*|Sj (X^IpJ) IZ 

w*tz\t*o>mmz&&ztitcm&&v 
[c^y^^^tt-So 

[OO 1 8] U^^;UR^a^LfcP^*l*»^5fe^ 
PLICA^U. »»*^PLfc^^U^^;UR^)lHiK 

izli. «»CDU>XxU> > h*<^«ftAX*^iiCD5fe« 
t*Z>±olzi&!B2tiXl*Z 0 SS^3t^PLfi. ^<7> 
nHS6JtT*feor^*P3CD4»*«(C^5>^2 4^ffi 
^^>v2 4(Z<J:y»^KS^<*a)*^2 3lZ@^ 

[OO 1 9] t?x/\W±lc&fe£H£U^JUR<B/<* 

cty*^$tt^ c U^^JUR±:CDX'J httttlRMfKi* 
(*iDI*5fcttAXlc(J!j-S[) rt(DU^^^/<*-> 
li. ftK5^^PL^^L-c^x/\w±icS:»*n^o 
V x/ \WI*«K3fe^^ P L^LTL/f^^R^: fifiHlt 
#mmz&&tzsb. u^^;uR^R5t^lc-x^fS] 
fcli+x^ffij) fZ^ftV rXttZtlZt. ^X/\WI* 

SffiVwCD^fPiiriiRWo+x^fa] (^ycii-x^raj) 
«zu^^;uRlcfei«gL.raa[v r rjt2$*t. ^x/\w 

±0V3 7 h«B«<7>^:ffifCU^^;URa>/^^— 
R**tt^o ^Sa^CDlt (Vr/Vw) lift^*^ 

[0 0 2 0] OX/\Wli. ^I/\Xf-vWST±l:ft 

fsj) o&mxDfrut-r. «!?x/\w±a)a»(Dy3 7hfi 



(5) 



W9-8 2 6 2 5 



Xf-vWSTttffiii$til,o Oi/NXf-vWS T 

^#ft 9 (c^oT&tf^&Cfc {::<*: oTOx/\X^-v 

[0021] ±ie«»B*^tElcl*. «H&<7>/<2-->£ 

x/\w±0)i4S^ttfficDv--^cDeS^«ttL-C, £ 
te^trfrB* £fr 5 BB0> ^ x/ \W(7>&a * £ ^ x 

/\77Y/>HMi?i^ ca>ox/\r^-f >>h& 

-f />h&1 3-1 8£fB*. 3fr£*tdJ£ft*: 
U— 6, 17. 1 8^^LTOX/\W<D 
T9*> f-«»U *<DJfc*t3fe£g#;«1 4 

[0 0 2 2] ±E(D£?fc^£MB*&Sl::fc^T. II 

Uf^J^f- vRS T^il3 6l::<fcoTffito 

ttr t^^fcto^^ ^Jbxf-v rst (D&atigfctt) 
&-*\ 5 L -v>/<a>S^^tf3LP2^^(D^3a^19:S^ 

[0 0 2 3] ±E**«7?l*Uf ^JU^f -S^R S T t 
HX^-r€>R5M3 6l*. «#ft#ttLP4lW»fflP4 
2 fc £P8g 5 1 5 3 IcBlf « C it |C* o -Cfi^ 3 6 

l>Cfc£*fHc. Rgfi 5 1 &.IS5 3*»ltftt^"C?IHfi5 

o-5 4-es[t5ttfcPsi^3 6^ft^i cDrtaJtaa 
±ESli6«*er*. ^-v>/<i <7>£»Bi(7>3U*fc utgft 

[0024] 



t - v £ =* \ > / to <B£ss ffl ss&se jg * fc *><7>pb^ 

§ C fc !;:<*: y £ c >/^0)^35cDSEKi&tf IftR 

ft tf> t> ^(D$££ * Kit L r ?j*tt-0>ftEH£ t «/M=* 
£ v&t/ U JKD«* SKit* « c fc tfx * 

[Bffi<DW#fciM8] 

[01] **WO)*SfiB5tettB<D-S(*«<D«B8*^ 
f®-efc£o 

[@2] ®2(DWi^rtfci|xS$tvtcU^^iU7,7 L -^R 

s t <d a a *rfi] <n$;&mm x fc * 0 

[@3] mi<»m*K9itmmo>m&wzimztitzi' 
^ t-— wm&mx fc & o 

[@4] tt*0>3»9iiiEigB%tta&tf^^>ffinx«^ 
•r«tB§ia-efc^o 

r 

w Ox/\ 

rh u^;u*;u# 

P L 

RST bf^JUf-y 
WST ^i/Uf-y 
1 

2 £&Rfc£fcl3Ln 

3 =J >*r>+)-U>X 

5. 8 fttttt 

6. 9 TJMt 

3 1 e-AX^Uv* 

3 2 nan® 

3 3 V-T^E — £ 

3 4 <f-f K 

3 5 flHfflB 

3 6 P8g 

37 mm 

4 1 Stt*Rfc#aiLn 



(6) 



t#6S¥ 9 — 82625 



[Hi] 



C F\<r. 
[02] 





[03] 



(FW.^ 

[®4] 




JPA 9-082625 



(11) Japanese Patent Laid-Opened (KOKAI) No. 9-082625 

(43) Laid-Opened: March 28 , 1997 

(54) Title of the Invention: 

SCANNING EXPOSURE APPARATUS 

(21) Filing No. 7-259365 

(22) Filing Date: September 12, 1995 
(72) Inventor: Shinichi Takagi 

(71) Applicant: KABUSHIKI KAISHA NIKON 

(74) Attorney: Kijyuro Kawakita et al. 



[Title of the Invention] SCANNING EXPOSURE 

APPARATUS 

[Abstract ] 

[Problem] The object of this invention is to provide a 
scanning exposure apparatus capable of avoiding any 
fluctuations in airflow in a chamber caused by the 
movement of a reticle stage. 

[Solving Means] In order to keep the temperature in a 
chamber 1 substantially constant, there is provided a 
scanning exposure apparatus including an air 
conditioning means 2 for flowing temperature-controlled 
gas in the chamber 1, an illumination optical system 
which irradiates a reticle R with illumination light, a 
reticle stage RST which moves the reticle R relative to 
the illumination light, and an interferometer 6 for 
measuring the position of the reticle mask stage RST, 
wherein the apparatus moves the reticle R and a wafer W 
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in synchronism with each other and exposes the wafer W 
to a pattern image of the reticle R- The apparatus 
further includes partitions 50, 51 , 52, 53 for 
intercepting gas flowing toward the reticle stage RST 
5 and the beam optical path of the interferometer 6 and a 
gas supply unit 60 which supplies 

temperature-controlled gas into a compartment 36 
enclosed with the partitions and including the reticle 
stage RST and the beam optical path of the 
10 interferometer. This arrangement decreases errors in 

the reticle stage caused by fluctuations in temperature 
of gas on the optical path of the interferometer 6. 
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[What Is Claimed Is:] 

[Claim 1] A scanning exposure apparatus which 
comprises air conditioning means for flowing 
temperature-controlled gas in a chamber, an 
5 illumination optical system that irradiates a mask with 
illumination light, a mask stage that moves the mask 
relative to the illumination light , and an 
interferometer for measuring a position of the mask 
stage to keep a temperature in the chamber 

10 substantially constant and moves the mask and a 

photosensitive substrate in synchronism with each other 
to expose the photosensitive substrate to a pattern 
image on the mask, characterized by comprising: 

partitions for intercepting the gas flowing 

15 toward the mask stage and a beam optical path of the 
interferometer ; and 

gas supply means for supplying 
temperature-controlled gas into a space enclosed with 
said partitions and including the mask stage and the 

20 beam optical path of the interferometer. 

[Claim 2] The scanning exposure apparatus 
according to claim 1 , characterized in that the 
apparatus further comprises a projection optical system 
which projects the pattern image on the mask onto the 

25 photosensitive substrate, and an optical path extending 
from the projection optical system to the mask is 
enclosed with said partitions. 
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[Claim 3] The scanning exposure apparatus 
according to claim 1 or 2 , characterized in that the 
mask stage and the beam optical path of the 
interferometer are substantially enclosed with said 
5 partitions, and part of said partitions is made of a 
material substantially transparent to the illumination 
light such that the mask is irradiated with the 
illumination light . 

[Claim 4] The scanning exposure apparatus 

10 according to any one of claims 1 to 3, characterized in 
that the apparatus further comprises a projection 
optical system which projects the pattern image on the 
mask onto the photosensitive substrate, and the air 
conditioning means flows the gas from above the mask in 

15 a direction substantially parallel to an optical axis 
of the projection optical system, 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention 
20 Belongs] 

The present invention relates to a projection 
exposure apparatus for manufacturing semiconductor 
integration circuits and liquid crystal devices and, 
more particularly, to a scanning projection exposure 
25 apparatus having an air conditioning system which 

encloses a space including a mask stage and the optical 
path of an interferometer with partitions and 
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independently air-conditions the space. 
[0002] 

[Prior Art] 

To form a circuit pattern of a semiconductor 
5 integration circuit or liquid crystal substrate onto a 
semiconductor wafer by lithography, a projection 
exposure apparatus is used. Such a projection exposure 
apparatus irradiates a reticle (mask) with illumination 
light emitted from an illumination system to form a 

10 reticle pattern image on a photosensitive substrate 
through a projection optical system. High-precision 
imaging properties are required of the projection 
exposure apparatus of this type to form a fine circuit 
pattern. Additionally, to overlay a plurality of 

15 patterns on the same region of the substrate to perform 
exposure, a layer to undergo exposure processing must 
be overlaid on an immediately preceding exposed layer 
at high precision. A projection optical system 
comprising a plurality of lens elements changes in 

2 0 imaging properties such as a magnification and the like 
in accordance with the ambient temperature, and thus 
high stability is required of the apparatus to keep the 
above-mentioned high imaging and overlay properties. 
For this reason, a conventional projection exposure 

25 apparatus is placed in a temperature-controlled 

constant -temperature chamber. For example, a so-called 
downflow type chamber which flows 
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temperature-controlled air from the ceiling of the 
chamber parallel to the optical axis of a projection 
optical system is adopted to prevent dust and the like 
in the chamber from attaching to the projection 
5 exposure apparatus . 
[0003] 

[Problems That the Invention Is to Solve] 
There is proposed a step & scan exposure method 
of illuminating a slit-like rectangle area of a 

10 projection optical system and performing exposure while 
scanning a reticle and photosensitive substrate 
relative to each other. Fig. 4 shows the outline of a 
scanning exposure apparatus using this exposure method. 
The apparatus mainly comprises an illumination optical 

15 system (not shown) which includes a light source for 
irradiating a reticle R with uniform illumination 
light, a reticle stage RST for moving the reticle R in 
the scanning direction (X direction), a projection 
optical system PL for projecting a pattern image of the 

20 reticle R onto a wafer W at a predetermined reduction 
magnification, and a wafer stage WST for moving the 
wafer W in synchronism with the scanning of the reticle 
R. With this arrangement, the reticle R is illuminated 
with uniform illumination light condensed through a 

25 condenser lens 3, and the reticle stage RST on which 
the reticle R is mounted moves in the scanning 
direction with respect to an illumination region on the 
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reticle R. In synchronism with this movement, the 
wafer stage WST moves in a direction opposite to the 
moving direction of the reticle stage RST. As the 
reticle R is scanned with a slit -like illumination 
5 region, the exposure area of the wafer is sequentially 
exposed to a reduction pattern image of the reticle R 
formed through the projection optical system PL. 
According to this method, a large area can be exposed 
without increasing the field size of the projection 

10 optical system. In addition, since only part of the 
projection optical system is used in exposure, 
distortion, illuminance uniformity, and the like can 
readily be adjusted. The exposure method is more 
excellent in these points than any other exposure 

15 method. 
[0004] 

A chamber 1 of the apparatus is a downflow type 
chamber as described above. Temperature-controlled air 
flows from an air blow port 2 in the ceiling of the 

20 chamber 1 in a direction indicated by an arrow in 

Fig. 4. In this apparatus, however, the reticle stage 
RST reciprocates in the horizontal direction (X 
direction) on the projection optical system PL, and 
thus a manner in which air flows toward the projection 

25 optical system PL greatly changes depending on the 
position of the reticle stage RST. A laser light 
source for an interferometer or the like serving as a 
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heat source is generally arranged in the vicinity of 
the projection optical system PL. For this reason, the 
temperature of the projection optical system PL itself 
and the temperature of air on an optical path extending 
5 from the reticle R to the projection optical system PL 
fluctuate, and consequently, the imaging properties of 
the projection optical system PL change. Additionally, 
the exposure apparatus of this type has an 
interferometer 6 which observes light reflected by a 

10 movable mirror 5 fixed on the reticle stage RST to 

measure the position of the moving reticle stage RST. 
If an airflow fluctuates in the vicinity of the reticle 
stage RST, the temperature of air on the optical path 
of light beams of the interferometer 6 fluctuates, 

15 thereby causing errors in measurement of the stage 

position. As a result, a synchronization error occurs 
between the movement of the reticle stage RST and that 
of the wafer stage WST. The movement of the reticle 
stage RST may cause the temperature of the reticle to 

20 fluctuate or cause dust and the like to attach to the 
reticle R. These problems are unique to a scanning 
exposure apparatus having a movable reticle stage. 
[0005] 

Under the circumstances, it is an object of the 
25 present invention to provide a scanning exposure 
apparatus capable of solving the above-mentioned 
problems and preventing any fluctuations in airflow in 
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a chamber caused by the movement of the reticle stage. 
[0006] 

It is another object of the present invention to 
provide a scanning exposure apparatus capable of 
5 reducing any fluctuations in temperature of gas in the 
surroundings of a reticle stage including the optical 
path of an interferometer for measuring the position of 
the reticle stage and an optical path extending from a 
mask to a projection optical system to reduce errors in 
10 measurement by the interferometer and providing stable 
imaging properties with the projection optical system. 
[0007] 

It is still another object of the present 
invention to provide a scanning exposure apparatus 
15 capable of preventing the reticle stage and reticle 
from being contaminated with dust and the like. 
[0008] 

[Means of Solving the Problems] 
According to the present invention, there is 

20 provided a scanning exposure apparatus which comprises 
air conditioning means for flowing 
temperature-controlled gas in a chamber, an 
illumination optical system that irradiates a mask with 
illumination light, a mask stage that moves the mask 

25 relative to the illumination light, and an 

interferometer for measuring a position of the mask 
stage to keep a temperature in the chamber 
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substantially constant and moves the mask and a 
photosensitive substrate in synchronism with each other 
to expose the photosensitive substrate to a pattern 
image on the mask, comprising partitions for 
5 intercepting the gas flowing toward the mask stage and 
a beam optical path of the interferometer, and gas 
supply means for supplying temperature-controlled gas 
into a space enclosed with the partitions and including 
the mask stage and the beam optical path of the 

10 interferometer. Since the partitions isolate the mask 
stage and the beam optical path of the interferometer 
from an airflow for air conditioning in the chamber by 
the partitions, dust and the like can be prevented from 
attaching to the mask stage and the like, and any 

15 fluctuations in airflow in the chamber caused by the 
movement of the reticle stage can be avoided. 
Additionally, by supplying the temperature-controlled 
gas into the space enclosed with the partitions and 
including the mask stage and the beam optical path of 

20 the interferometer, any fluctuations in temperature of 
gas on the beam optical path are reduced, thereby 
enabling accurate position measurement of the reticle 
stage . 
[0009] 

25 Preferably, the scanning exposure apparatus 

according to the present invention further comprises a 
projection optical system which projects the pattern 
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image on the mask onto the photosensitive substrate, 
and an optical path extending from the projection 
optical system to the mask is enclosed with the 
partitions. With this arrangement, any fluctuations in 
5 refractive index of the gas on the optical path 

extending from the projection optical system to the 
mask are reduced, and the imaging properties of the 
projection optical system stabilize. 
[0010] 

10 The mask stage and the beam optical path of the 

interferometer can substantially be enclosed with the 
partitions, and part of the partitions can be made of a 
material substantially transparent to the illumination 
light such that the mask is irradiated with the 

15 illumination light. 
[0011] 

In the scanning exposure apparatus according to 
the present invention, the air conditioning means can 
comprise a so-called downflow type air conditioning 

20 system which flows the gas from above the mask in a 

direction substantially parallel to an optical axis of 
the projection optical system. In a scanning 
projection exposure apparatus using a downflow type air 
conditioning system, an airflow toward a projection 

25 optical system and the like largely fluctuates due to 
the movement of a reticle stage. By enclosing the 
reticle stage with partitions, such fluctuations in 
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airflow can be avoided. 
[0012] 

[ Embodiment ] 
A scanning exposure apparatus according an 
5 embodiment of the present invention will be described 
below with reference to the accompanying drawings . 
Fig, 1 shows an example of a scanning projection 
exposure apparatus which performs exposure while 
synchronously scanning a reticle R and a wafer W with 

10 respect to an illumination region on the reticle R. As 
shown in Fig. 1, the projection exposure apparatus is 
generally placed in a constant- temperature chamber 1. 
Temperature control is performed with higher precision 
in the constant- temperature chamber 1 than in a general 

15 clean room. For example, the temperature in a clean 

room is so controlled as to have a precision of ±2 to 
3X^ , while the temperature in the constant- temperature 
chamber 1 is so kept as to have a precision of about ± 
O.l'C. The projection exposure apparatus shown in 

20 Fig. 1 is of a downflow type and has an air blow port 2 
in the ceiling of the chamber 1 to prevent floating 
particles in the air from settling on the apparatus. 
Temperature-controlled air flows in a direction of the 
floor of the chamber from the air blow port 2 along the 

25 optical axis of a projection optical system PL. To 
prevent foreign substances (dust), sulfate ions, 
ammonium ions, and the like floating in a clean room 
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from flowing into the chamber 1, particularly into the 
main body of the exposure apparatus including the 
projection optical system PL, HEPA (or ULPA) and 
chemical filters are arranged in the vicinity of the 
5 air intake or air blow port 2 of the chamber 1 . 
[0013] 

The scanning exposure apparatus main body in 
Fig. 1 mainly comprises a light source and an 
illumination optical system (not shown), a reticle 

10 stage RST which moves the reticle R in the scanning 
direction, the projection optical system PL, a wafer 
stage WST which moves the wafer W, alignment systems , 
(13 to 18) for wafer alignment, and the like. The 
light source generally uses an emission line within an 

15 ultraviolet range (g-line or i-line) of a mercury-vapor 
lamp, an excimer laser beam such as a KrF laser beam or 
ArF laser beam, or the like. The illumination optical 
system comprises a flyeye lens, condenser lens, and the 
like and finally illuminates the reticle R through a 

20 condenser lens 3. The illumination optical system 

illuminates the reticle R serving as a mask bearing a 
circuit pattern and the like with illumination light 
from the light source at a substantially uniform 
illuminance at a predetermined solid angle. The light 

25 source and illumination optical system (not shown) are 
arranged above the reticle stage RST in Fig. 1, and the 
light source is arranged outside the chamber 1. 
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[0014] 

The reticle stage RST is arranged between the 
condenser lens 3 and the projection optical system PL 
on an optical axis AX of the projection optical system 
5 PL. Figs. 2 and 3 show a plan view and a sectional 
view, taken along the line A- A and seen from a 
direction of an arrow, of the reticle stage RST, 
respectively. The reticle stage RST is fixed above a 
surface plate 37 and supported by guides 34 extending 

10 in the X direction. The reticle stage RST can move in 
the scanning direction (X direction) at a predetermined 
velocity by means of linear motors 33 extending 
parallel to the guides 34 on the surface plate 37. The 
reticle stage RST moves with a stroke long enough to 

15 make the entire surface of the pattern area of the 
reticle R cross at least the optical axis AX of the 
projection optical system in a direction of the guides. 
The reticle stage RST has a movable mirror 5 fixedly 
arranged at its end in the X direction to reflect a 

20 laser beam emitted from an interferometer 6. A laser 
beam from the interferometer 6 is divided into two 
beams by a beam splitter 31 arranged above the surface 
plate 37, and the two beams travel toward the movable 
mirror 5 and a fixed mirror 61 which is so arranged as 

25 to come in contact with the beam splitter 31, 

respectively. A phase difference between reflected 
light from the movable mirror 5 and that from the fixed 
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mirror 61 is measured by the interferometer 6, thereby 
measuring the position of the reticle stage RST in the 
scanning direction in units of, e.g., 0.01 Mm. A 
measurement result obtained by the interferometer 6 is 
5 sent to a stage control system 20 # and the reticle 

stage RST is constantly aligned at high precision. A 
reticle holder RH is mounted on the reticle stage RST, 
and the reticle R is mounted on the reticle holder RH. 
The reticle R is held on the reticle holder RH by a 
10 vacuum chuck (not shown) . 
[0015] 

The scanning exposure apparatus of the present 
invention comprises, on the surface plate 37 of the 
reticle stage RST, a compartment 36 composed of 

15 partitions 50 to 54 to accommodate the reticle stage, 
and the reticle stage RST in the compartment 36 is 
insulated from an airflow for air conditioning in the 
chamber 1. The compartment 36 is a rectangular 
parallelepiped whose longitudinal direction is the 

20 scanning direction (X direction) of the reticle stage 

RST, and its bottom surface comprises the surface plate 
37 which supports the reticle stage RST. An opening 
portion 32 is formed in the ceiling (partition 54) of 
the compartment 36 (indicated by a phantom line in 

25 Fig. 2), and a circular glass plate 40 is fit in the 
opening portion 32. Illumination light from the 
illumination optical system passes through the glass 
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plate 40 and strikes the reticle R. If the opening 
portion 32 is so sized as not to intercept illumination 
light traveling toward the reticle R and as not to 
affect the airflow in the compartment 36, the glass 
5 plate 40 may be omitted. The compartment 36 has a 
blower 60 and a gas blow port 41 which supply 
temperature-controlled gas inside on the partition 
(side wall) 51 in the longitudinal direction (X 
direction) of the compartment 36, and a temperature 

10 adjustment mechanism (not shown) incorporated in the 

blower 60 adjusts the temperature of gas supplied into 
the compartment 36, The gas temperature is so adjusted 
as to equal the temperature of air for air conditioning 
in the chamber 1. Gas is supplied from the blower 60 

15 at a flow rate controlled such that the air pressure in 
the compartment 36 is slightly higher than that outside 
the compartment 36. Air can be employed as the gas. 
If a far ultraviolet laser beam is to be employed as 
illumination light, nitrogen gas or helium gas is 

20 preferably employed. HEPA and chemical filters are 

arranged over the gas blow port 41 to prevent foreign 
substances and the like from flowing into the 
compartment 36. A gas exhaust port 42 is formed in the 
partition 53 opposing the partition 51. Gas having 

2 5 passed through the compartment 36 is discharged from 

the gas exhaust port 42 and then circulates outside the 
chamber 1 to the blower 60. The gas undergoes 
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temperature control and is supplied into the 
compartment 36 again. A window 35 is formed in the 
partition 53 so as to be opened when the reticle R is 
loaded onto or unloaded from the reticle stage RST. 
5 [0016] 

As shown in Fig. 2, respective optical paths 
extending from the beam splitter 31 to the movable 
mirror 5 and fixed mirror 61 are included in the 
compartment 36. Fluctuations in temperature of gas on 

10 these optical paths may cause an error in a measurement 
result of the position of the reticle stage obtained by 
the interferometer 6 . According to the exposure 
apparatus of the present invention, since the 
compartment 36 is provided to enclose the optical path, 

15 and gas at a constant temperature is supplied into the 
compartment 36, such fluctuations in temperature do not 
occur. 
[0017] 

In Fig. 1, the reticle R is illuminated on the 
20 reticle stage RST with a rectangular (slit-like) 

illumination region having a longitudinal direction in 
a direction (Y direction) perpendicular to the scanning 
direction (X direction) of the reticle R. This 
illumination region is delimited by a plane above the 
25 reticle stage and conjugate to the reticle R or a field 
stop (not shown) arranged in the vicinity of the plane. 
[0018] 
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Illumination light having passed through the 
reticle R strikes the projection optical system PL, 
thereby forming a circuit pattern image of the reticle 
R on the wafer W by the projection optical system PL. 
5 The projection optical system PL accommodates a 

plurality of lens elements such that the lens elements 
share the optical axis AX as their optical axes. The 
projection optical system PL has a flange 24 on the 
peripheral portion of the middle section in a direction 
10 of the optical axis and is supported on a frame 23 of 
the exposure apparatus main body by the flange 24. 
[0019] 

The projection magnification of a pattern image 
of the reticle R to be projected onto the wafer W is 

15 determined by the magnifications and layout of the lens 
elements. A reticle pattern within the slit-like 
illumination region (its center substantially coincides 
with the optical axis AX) on the reticle R is projected 
onto the wafer W through the projection optical system 

20 PL. The wafer W has an inverted image relationship 
with the reticle R through the projection optical 
system PL. For this reason, if the reticle R is 
scanned in the -X direction (or +X direction) at a 
velocity Vr at the time of exposure, the wafer W is 

25 scanned in the +X direction (or -X direction), which is 
opposite to the direction of the velocity Vw, at a 
velocity Vr in synchronism with the reticle R. The 
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entire surface of the shot regions on the wafer W are 
sequentially exposed to the pattern of the reticle R. 
The ratio between the scanning velocities (Vr/Vw) is 
determined by the reduction magnification of the 
5 projection optical system PL. 
[0020] 

The wafer W is vacuum- chucked by a wafer holder 
(not shown) on the wafer stage WST. The wafer stage 
WST is arranged to move not only in the above-mentioned 

10 scanning direction (X direction) but also in a 

direction (Y direction) perpendicular to the scanning 
direction so as to perform scanning exposure for the 
plurality of shot regions on the wafer W. Operation of 
scanning each shot region on the wafer W and moving to 

15 the exposure start position of the next shot region is 
repeated. The wafer stage WST is driven by a wafer 
stage driving portion (not shown) such as a motor or 
the like. The moving velocity of the wafer stage WST 
is adjusted in accordance with the ration Vr/Vw, and 

20 the wafer stage WST moves in synchronism with the 

reticle stage RST. A movable mirror 8 is fixed at an 
end of the wafer stage WST. A laser beam from an 
interferometer 9 is reflected by the movable mirror 8 , 
and the reflected light beam is detected by the 

25 interferometer 9, thereby constantly monitoring the 
coordinate position of the wafer stage WST within an 
X-Y plane. 
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[0021] 

To perform exposure with a plurality of patterns 
overlaid on the wafer W at high precision, the above 
projection exposure apparatus comprises wafer alignment 
5 systems which detect the position of an alignment mark 
on the wafer W and determine the position of the wafer 
W at the time of overlay exposure. The projection 
exposure apparatus comprises as the wafer alignment 
systems the optical alignment systems 13 to 18 provided 

10 separately from the projection optical system PL. The 
projection exposure apparatus irradiates the alignment 
mark of the wafer W with laser beams emitted from the 
light source 13 through the optical alignment systems 
16, 17, and 18 and detects the reflected light beams by 

15 means of the photoreceptor 14. 
[0022] 

In the above scanning exposure apparatus , the 
reticle stage RST moves in the scanning direction in 
actual exposure. Since the reticle stage RST is 
20 enclosed in the compartment 36, air steadily flows from 
the air blow port 2 of the chamber toward the 
projection optical system PL, regardless of the moving 
position of the reticle stage RST. 
[0023] 

25 In the above-mentioned embodiment, the gas blow 

port 41 and gas exhaust port 42 are provided in the 
partitions 51 and 53, respectively, and the compartment 



- 20 - 



JPA 9-082625 



36 is sealed from the interior of the chamber. The 
partitions 51 and 53 may be removed from the 
compartment 36 enclosed with the partitions 50 to 54 
such that the compartment 36 communicates with the 
5 remainder of the chamber 1, provided that the airflow 
in the compartment 36 is not substantially affected by 
an air conditioning system of the chamber 1. In this 
case, gas to be supplied into the compartment 36 and 
that for air conditioning in the chamber 1 need to be 

10 of the same type. In the above embodiment, air is 

employed as the gas for air conditioning in the chamber 
1. Any gas other than air, however, may be adopted. 
If short -wavelength laser beams within an ultraviolet 
range, in particular, are to be used as the light 

15 source, an inert gas such as nitrogen gas or helium gas 
may be preferably employed to avoid generation of 
excited oxygen. 
[0024] 

[Effects of the Invention] 
20 A scanning exposure apparatus according to the 

present invention has a compartment to prevent air for 
air conditioning in a chamber from flowing onto a 
reticle stage. With this arrangement, the scanning 
exposure apparatus can avoid any fluctuations in 
25 airflow in the chamber and any fluctuations in 

temperature around a projection optical system PL, 
caused by the movement of the reticle stage in the 
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scanning direction, thereby obtaining stable imaging 
properties . In the scanning exposure apparatus 
according to the present invention, the surroundings of 
the reticle stage, including the optical path of an 
5 interferometer for the reticle stage and an optical 

path extending from a reticle to the projection optical 
system are enclosed with partitions. This can avoid 
any fluctuations in temperature on the interferometer 
optical path and minimize errors in distance 
10 measurement by the interferometer. Additionally, the 
partitions can avoid any contamination of the reticle 
stage and reticle with dust. 
[Brief Description of the Drawings] 
[Fig. 1] 

15 Fig. 1 is a view showing the outline of a specific 

example of a scanning exposure apparatus according to 
the present invention. 
[Fig. 2] 

Fig. 2 is a view, taken along the line A-A and seen 
20 from the direction of an arrow, of a reticle stage RST 
accommodated in the compartment of Fig. 2. 
[Fig. 3] 

Fig. 3 is a side view of the reticle stage accommodated 
in the compartment of the scanning exposure apparatus 
25 of Fig. 1. 

[Fig. 4] 

Fig. 4 is a schematic view showing a conventional 
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scanning exposure apparatus and its air conditioning 
system. 

[Description of the Reference Numerals] 
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reticle 


5 


W 


wafer 




RH 


reticle holder 




PL 


projection optical system 




RST 


reticle stage 




WST 


wafer stage 


10 


1 


chamber 




2 


air blow port 




3 


condenser lens 




5, 8 


movable mirror 




6, 9 


interferometer 


15 


31 


beam splitter 




32 


opening portion 




33 


linear motor 




34 


guide 




35 


window 


20 


36 


compartment 




37 


surface plate 




41 


gas blow port 
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